A new polyoxygenated briarane diterpenoid, briarenol B (1), was isolated from the octocoral Briareum excavatum and its structure determined from spectroscopic data. In RAW264.7 cells, a macrophage-like murine cell line, briarane B (1) was found to enhance the protein expression of pro-inflammatory cyclooxygenase (COX-2) and inducible nitric oxide synthase (iNOS) in cells stimulated by lipopolysaccharide (LPS).
Over the past four decades, more than 600 diterpenoids possessing the briarane carbon skeleton, most of which contain a γ-lactone moiety in a bicyclo [8.4 .0] system, have been isolated from marine coelenterates, mainly octocorals [1] [2] [3] [4] [5] . Increasing interest is being paid to these briaranes, not only due to their complex structures, but also owing to their anti-inflammatory activities [6] [7] [8] . In an ongoing survey of Taiwanese marine invertebrates possessing promising novel and bioactive briaranes, the octocoral Briareum excavatum (family Briareidae) is being systematically investigated. In this paper, we report the isolation, structure determination and bioactivity of a new polyoxygenated briarane, briarenol B (1) (Figure 1 ), following further study of B. excavatum.
Briarenol B (1) was obtained as a white amorphous powder. From the HRESIMS, the molecular formula of 1 was determined to be C 24 H 32 O 9 from the ion at m/z 487.19396 (calcd for C 24 H 32 O 9 + Na, 487.19441), indicating nine degrees of unsaturation. IR spectrum analysis showed that 1 had absorption peaks at 3479, 1766 and 1732 cm −1 , suggesting that the structure of 1 included hydroxy, -lactone and ester groups. In the 13 C and DEPT NMR spectra (Table 1) , the signals of four carbons at δ C 126.3 (CH-3), 138.6 (CH-4), 140.5 (C-5) and 118.4 (CH-6) indicated the presence of a disubstituted and a trisubstituted olefin in 1; this result was further supported by the 1 H NMR spectrum of 1, which showed three olefin proton signals at δ H 5.80 (1H, dd, J = 16.0, 9.6 Hz, H-3), 6 noted in 1. Based on the aforementioned unsaturation data, the structure of 1 was determined to be that of a diterpenoid with four rings. Furthermore, the signals of two oxygenated quaternary carbons at δ C 70.1 (C-8) and 63.4 (C-17) suggested the presence of a tetrasubstituted epoxide that contained a methyl substituent, and the proton signal of a methyl singlet at δ H 1.49 (3H, s, H 3 -18) further supported this observation. and H-12 (δ H 3.99) indicated that the remaining acetoxy group and hydroxy group were positioned at C-14 and C-12, respectively. Based on previous studies of briarane derivatives [1] [2] [3] [4] [5] , all naturally-occurring briarane-type natural products that have been identified include the C-15 methyl group trans to H-10, and these two groups are designated β-and α-oriented, respectively. NOESY ( Figure 2 ) and vicinal proton coupling constant analysis revealed the configuration of 1. From the NOESY experiment, the correlations of H-10 with H-2, H-9 and H-12, but not with H 3 -15, showed that these protons (H-2, H-9, H-10 and H-12) were positioned on the same face of the molecule, and therefore they were assigned as α protons, as Me-15 was a β-substituent at C-1. H-14 was found to be correlated with H 3 -15, but not with H-10, suggesting that this proton was of a β-orientation at C-14; H 3 -20 was observed to be correlated with H 3 -15, but not with H-10, demonstrating that the methyl group at C-11 was β-oriented; and H 3 -18 was correlated with H-11 and H 3 -20, indicating the β-orientation of the C-18 methyl in the γ-lactone ring. The configuration at C-9 is worthy of comment. H-9 was found to exhibit correlations with H-10, H-11, H 3 -18 and H 3 -20, as well as a lack of coupling between H-9 and H-10, indicating that the dihedral angle between H-9 and H-10 is approximately 90° and the 9-hydroxy group has a β-orientation. In addition, as the NOESY experiment showed a response between H-7 and the C-9 hydroxy proton, H-7 in 1 was determined to be β-oriented; a 16.0 Hz coupling constant between H-3 (δ H 5.80) and H-4 (δ H 6.76) indicated the trans geometry of the C-3/4 double bond; and a correlation between the C-6 olefin proton (δ H 5.43) and the C-16 vinyl methyl (δ H 1.88) suggested a Z-configuration of the C-5/6 double bond. Moreover, H-3 was found to be associated with H 3 -15, but not with H-2 and H-4, and H-4 was associated with H-2, but not with H 3 -16; these results demonstrated the 3E,5Z-configuration of Δ 3, 5 . Therefore, based on the above findings, the s-trans diene moiety in 1 was elucidated. The NMR data of 1 were found to be similar to those of briarane derivatives with a 3E,5Z-diene system, such as briaexcavatin M [9] , briaranolides I and J [10] , excavatolide F [11] and briarenolide ZII (2) (Figure 1 ) [12] . Thus, briarane 1 was identified as the 12-O-debutyryl derivative of 2. Since the first briarane-type diterpenoid, briarein A, was isolated from the Caribbean octocoral Briareum asbestinum in 1977 [13] , it has become apparent that all naturally-derived briarane-based diterpenoids found in octocorals belonging to the genus Briareum possess a C-15 methyl group at C-1 trans to H-10, and these two groups have been proven to be β-and α-oriented, respectively, by chemical conversion [10, 14, 15] and X-ray analysis [10] . Therefore, based on biosynthetic derivation, the absolute configurations of the stereogenic centers of 1 were assigned as 1R, 2S, 7S, 8R, 9S, 10S, 11R, 12S, 14S and 17R. 89.5 ± 4.00 47.2 ± 7.20 a) These data were reported by Su et al., please see ref. [12] .
In order to assess the anti-inflammatory activities of compound 1, an in vitro assay using RAW264.7 cells (a macrophage-like murine cell line) stimulated with lipopolysaccharide (LPS) was performed to evaluate the effects of these compounds, and Western blotting was used to quantitate the changes in the protein expression levels of pro-inflammatory cyclooxygenase 2 (COX-2) and inducible nitric oxide synthase (iNOS) in the cells. The results showed that treatment of cells with 10 μM briarenol B (1), a 12-O-debutyryl A new briarane from Briareum excavatum Natural Product Communications Vol. 12 (2) 2017 223 derivative of 2 (briarenolide ZII), was found to exhibit a much weaker anti-inflammatory activity than 2 [12] (Table 2) , significantly enhancing the expressions of COX-2 and iNOS to 132.0 and 158.1%, respectively, at a concentration of 10 μM. These results suggested that a small structural variation could influence the bioactivity of compounds of this type, and further studies may be warranted in the future.
Experimental
General: Melting point was determined using a Fanchum melting point apparatus and was uncorrected. Optical rotation was measured using a Jasco P-1010 digital polarimeter. IR spectra were obtained with a Thermo FT-IR iS5 spectrophotometer; peaks are reported in cm -1 . NMR spectra were recorded on a Varian Mercury Plus 400 spectrometer using the residual CHCl 3 signal (δ H 7.26 ppm) as the internal standard for 1 H NMR and CDCl 3 (δ C 77.1 ppm) for 13 C NMR. Coupling constants (J) are given in Hz. ESIMS and HRESIMS data were recorded using a 7 Bruker Tesla SolariX FTMS. Column chromatography was performed on silica gel with a mesh size of 230-400. TLC experiments were performed on precoated Kieselgel 60 F 254 (0.25 mm); the plates were sprayed with 10% H 2 SO 4 solution followed by heating to visualize the compounds. Normal phase HPLC (NP-HPLC) was performed using a HPLC system equipped with a Rheodyne 7725 injection port and a Hitachi L-7110 pump. The column used for HPLC was a semipreparative normal phase LiChrospher 250 mm × 10 mm column (Hibar, Si 60, 5 μm; Merck). Reverse phase HPLC (RP-HPLC) was performed using a system equipped with a Rheodyne 7725 injection port, a RP-18e column (5 μm, 250 × 21.2 mm; Luna), a Hitachi L-7100 pump and a Hitachi L-2455 photodiode array detector.
Animal material: Specimens of B. excavatum (Nutting 1911) were hand-picked by scuba divers in an area off the coast of southern Taiwan in July 2011. After harvest, the specimens were stored in a freezer immediately. A voucher specimen was deposited in the specimen bank of the NMMBA (Specimen number: NMMBA-TW-SC-2011-77) [16] .
Extraction and isolation: B. excavatum (wet weight, 6.32 kg; dry weight, 2.78 kg) samples were sliced and then extracted with a mixture of methanol (MeOH)/dichloromethane (DCM) in a 1:1 ratio. The extract was partitioned between ethyl acetate (EtOAc) and H 2 O. The EtOAc layer was first separated on silica gel, followed by elution and chromatography with a mixture of nhexane/EtOAc (stepwise, 100:1 to pure EtOAc) to yield 26 subfractions, fractions A-Z. Fraction V was chromatographed on silica gel and eluted using a mixture of DCM/EtOAc (stepwise, 20:1 to pure EtOAc) into 14 sub-fractions, V1-V14. Fraction V9 was separated by NP-HPLC using DCM/EtOAc (1:1) to afford 25 subfractions, V9A-V9Y. Fraction V9G was further purified by RP-HPLC, using MeOH:H 2 O (45:55, flow rate: 4.0 mL/min) as the mobile phase to afford 1 (3.0 mg, t R = 87 min). In vitro anti-inflammatory assay: RAW264.7 (TIB-71) cells, a macrophage-like cell line derived from mice, was purchased from the American Type Culture Collection (ATCC; Manassas, VA, USA). The in vitro anti-inflammatory activity of compound 1 was measured by investigating its inhibition effects on pro-inflammatory iNOS and COX-2 protein expressions in LPS-stimulated RAW264.7 cells using Western blot analysis [17] [18] [19] . Briefly, an inflammation response in RAW264.7 cells was induced by incubating cells in medium containing only LPS (10 ng/mL) without test compounds for 16 h. For the anti-inflammatory activity assay, 10 μM of either compound 1 or dexamethasone (as a positive control) were added to the cells 10 min before LPS treatment. After incubation, the cells were lysed and the protein lysates were subjected to Western blotting analysis. The protein expression levels were determined based on the immunoreactivity of proteins to antibodies, and were calculated with respect to the average optical density of the signals on the film to that of the corresponding LPS-stimulated cells. Moreover, the cytotoxic effects of compound 1 in RAW264.7 cells were also evaluated by examining cell viability by the trypan blue exclusion test [18, 19] . For statistical analysis, the data were analyzed by one-way analysis of variance (ANOVA), and then the Student-Newman-Keuls post hoc test was used for multiple comparisons. A significant difference was defined as a p-value of < 0.05.
